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1.	Introduction
The WID on NR Multicast and Broadcast Services was revised in RAN#88e [1]. 
One of the objectives led by RAN1 is to specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state:
· Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2]
· This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.
· Specify required changes to improve reliability of Broadcast/Multicast service, e.g. by UL feedback. The level of reliability should be based on the requirements of the application/service provided.[RAN1, RAN2]
In addition, RAN1 is involved in specification of RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states [RAN2, RAN1]:
· Specify required changes to enable the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception. [RAN2, RAN1].
· Note: the possibility of receiving Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, without the need for those UEs to get the configuration of the PTM bearer carrying the Broadcast/Multicast service while in RRC CONNECTED state beforehand, is subject to verification of service subscription and authorization assumptions during the WI. 
In this contribution, we discuss mechanisms to improve reliability of Broadcast/Multicast service.
2.	Discussion
In RAN1#104-e, RAN1 agreed that for RRC_CONNECTED UEs receiving multicast, at least for PTM scheme 1, support at least one of the following:
	For RRC_CONNECTED UEs receiving multicast, support the following:
· ACK/NACK based HARQ-ACK feedback for multicast, 
· It is up to network to configure orthogonal PUCCH resources among UEs within the same group. 
· FFS: NACK-only based HARQ-ACK feedback for multicast, 
· It is up to network to configure the PUCCH resources and the PUCCH resources can be shared among UEs within the same group. 
· FFS details. 



NACK only based HARQ-ACK has been specified for Rel-16 NR V2X SL. During Rel-16 NR V2X work, RAN1 discussed similar concerns on NACK only based HARQ-ACK but finally agreed to support NACK only based HARQ-ACK for SL groupcast. We think that this HARQ-ACK option can be also applied to DL multicast as mentioned by a majority of companies in RAN1#104. If coverage is concerned, gNB could properly enable or disable NACK only based HARQ-ACK by DCI based on channel status of mobile UE.
Proposal 1: NACK only based HARQ-ACK is supported at least for PTM scheme 1.
RAN1 previously agreed that for RRC_CONNECTED UEs receiving multicast, for NACK-only based HARQ-ACK feedback if supported for group-common PDCCH scheduling, PUCCH resource configuration for HARQ-ACK feedback from per UE perspective is separate from PUCCH resource configuration for HARQ-ACK feedback for unicast. We think that NACK only based PUCCH resource can be configured as group common PUCCH resource. Multiple UEs receiving a same TB can transmit NACK on the group common PUCCH resource from which gNB can detect energy for NACK to the TB.
Proposal 2: NACK only based HARQ-ACK is transmitted on group common PUCCH resource.
gNB can currently configure spatial relation for a PUCCH resource. Similarly, NACK only based PUCCH is expected to be related to a reference signal. For example, different PRBs and/or sequences for PUCCH can be related to different RS. If UEs in a group are receiving group common PDSCH with different RS, UEs could transmit PUCCH with different RS. Thus, gNB may perform group common PDSCH retransmissions only with a few RS based on spatial relation of PUCCH. 
Proposal 3: Different group common PUCCH resources can be related to different RS e.g. in terms of PRB and/or sequence for PUCCH.
PUCCH format is FFS for NACK-only based HARQ-ACK feedback. In our view, PUCCH format 0 and 1 can be used for NACK-only based HARQ-ACK feedback as discussed in RAN1#104. Which PUCCH format is used can be up to gNB configuration.
Proposal 4: Support PUCCH format 0 and 1 for NACK based HARQ feedback.

RAN1 agreed to support enabling/disabling HARQ-ACK feedback as follows:
	[bookmark: _Hlk63422353]For enabling/disabling HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast, 
· Option 3: RRC signalling configures the enabling/ disabling function of DCI indicating the enabling /disabling HARQ-ACK feedback.
· If RRC signalling configures the function, DCI indicates (explicitly or implicitly) whether HARQ-ACK feedback is enabled/disabled 
· FFS details on RRC signalling and DCI indicating. 
· If RRC signalling does not configure the function, DCI does not indicate enabling/disabling the HARQ-ACK feedback.
· FFS whether enabling or disabling the feedback is the default mode. 
· Option 2: RRC indicates enabling/disabling.
· FFS: whether down-selection between option 3 and option 2 is needed or support the both options. 
· FFS: enabling/disabling by MAC-CE.



With Option 3, gNB can enable/disable HARQ-ACK feedback for each TB or each HARQ (re-)transmission. For example, gNB may want to disable HARQ-ACK feedback for initial HARQ transmission by DCI when many UEs are receiving same PDSCH. Then, gNB could enable HARQ-ACK by DCI after a few retransmission. gNB may also disable HARQ-ACK for last HARQ retransmission of a TB by DCI. 
In addition, gNB may enable/disable HARQ-ACK feedback by DCI based on QoS of TB for same or different MBS services. For example, gNB may enable HARQ-ACK for transmission of high reliable TB while disabling HARQ-ACK for transmission of delay-sensitive TB.
Meanwhile, we think whether DCI can indicate enabling/disabling HARQ-ACK feedback can be up to gNB configuration. Thus, Option 2 could live with Option 3.
Accordingly, we propose to support Option 2 and/or 3 considering the above benefits with DCI. 
Proposal 5: Support both Option 2 and/or 3 for enabling/disabling HARQ-ACK feedback. Which option is used is up to gNB configuration.

RAN1 agreed to support ACK/NACK based HARQ-ACK feedback for multicast for RRC_CONNECTED UEs receiving multicast. It is up to network to configure orthogonal PUCCH resources among UEs within the same group. We think that ACK/NACK based HARQ-ACK feedback is transmitted on UE specific PUCCH resources. Thus, it seems likely to configure UE specific PUCCH resources on UE’s active UL BWP. 
Proposal 6: UE specific PUCCH resources are configured on UE’s active BWP.
Meanwhile, NACK only based HARQ-ACK feedback is transmitted on group common PUCCH resources. Considering UE’s active UL BWP is specific to UE, it seems likely to configure group common PUCCH resources on common frequency resource which can be within UE’s active UL BWP. 
Proposal 7: Group common PUCCH resources are configured on UL CFR configured within UE’s active UL BWP.

RAN1 agreed to support ACK/NACK based HARQ-ACK feedback for multicast for RRC_CONNECTED UEs receiving multicast. However, it is not clear how to individually allocate UE specific ACK/NACK based HARQ-ACK feedback for group common PDCCH/PDSCH. For example, considering PUCCH resource indicator and PDSCH-to-HARQ_feedback timing indicator in DCI Format 1_0 and 1_1, group common DCI may require multiple indicators for different UEs which seems not so feasible in case that a large number of UEs is receiving group common PDCCH/PDSCH.
We think that group common DCI can simply indicate a single PUCCH resource indicator and a single PDSCH-to-HARQ_feedback timing indicator at least for ACK/NACK based HARQ-ACK. But, different UEs in a same group could be configured to differently interpret the single indicators in DCI with individual dictionaries given by PUCCH-config. If different UEs in the group can be configured with different values of at least PUCCH-Resource and dl-DataToUL-ACK in UE dedicated PUCCH-config, different UEs can be allocated with different PUCCH resources by the same PUCCH resource indicator and the same PDSCH-to-HARQ_feedback timing indicator of the group common DCI. In this way, each UE could be provided individual PUCCH resource even with the single indicators in group common DCI. 
Proposal 8: For PTM scheme 1, group common DCI indicates a single PUCCH resource indicator and a single PDSCH-to-HARQ_feedback timing indicator at least for ACK/NACK based HARQ-ACK. 
Proposal 9: For UE specific PUCCH resource allocation for ACK/NACK based HARQ-ACK to group common DCI, different UEs in the group can be configured with different values of at least PUCCH-Resource and dl-DataToUL-ACK in UE dedicated PUCCH-config for multicast or for unicast (unless PUCCH-config for multicast is configured). So, different UEs can be allocated with different PUCCH resources by the same PUCCH resource indicator and the same PDSCH-to-HARQ_feedback timing indicator of the group common DCI.

When it comes to PTP, RAN1 previously agreed that for RRC_CONNECTED UEs, if ACK/NACK based HARQ-ACK feedback is supported for PTM scheme 1, and if initial transmission for multicast is based on PTM transmission scheme 1, retransmission(s) using PTP transmission is supported. The HARQ process ID and NDI indicated in DCI is used to associate the PTM scheme 1 and PTP transmitting the same TB. The DCI is UE specific for PTP retransmission. The PUCCH resource indicator and the PDSCH-to-HARQ_feedback timing indicator in UE specific DCI have no ambiguity. However, since RAN1 agreed that for ACK/NACK based feedback, UE can be optionally configured a separate PUCCH-Config for multicast. Otherwise, PUCCH-Config for unicast applies, we should clarify whether PUCCH-Config for multicast can be used to interpret the PUCCH resource indicator and the PDSCH-to-HARQ_feedback timing indicator in UE specific DCI. In our view, PTP retransmission and unicast transmission could have commonality in terms of allocation of PUCCH resources. Thus, we propose that for PTP retransmission, the PUCCH resource indicator and the PDSCH-to-HARQ_feedback timing indicator in UE specific DCI are interpreted based on PUCCH-config for unicast, regardless of whether PUCCH-config for multicast is configured or not.
Proposal 10: For PTP retransmission, the PUCCH resource indicator and the PDSCH-to-HARQ_feedback timing indicator in UE specific DCI are interpreted based on PUCCH-config for unicast, regardless of whether PUCCH-config for multicast is configured or not.

In RAN1#104-e, RAN1 agreed that the priority for HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast can be lower, higher than or equal to the HARQ-ACK feedback for unicast. It is FFS how to reflect the priority in specification, e.g., whether it is configured or indicated to the UE. We think that the L1 priority of the HARQ-ACK feedback to a TB may depend on the priority of the TB. For DL, the priority of the TB is typically unknown to UE receiving the TB. Thus, we propose that gNB indicates the L1 priority of HARQ-ACK feedback to group common PDSCH by group common DCI for PTM scheme 1. The L1 priority of HARQ-ACK feedback could be also indicated by UE specific DCI for PTP retransmission.
Proposal 11: The high or low L1 priority of HARQ-ACK feedback is indicated by group common DCI for PTM scheme 1 or UE specific DCI for PTP retransmission.

We think that in LTE MBMS, the priority of MBMS reception has been generally lower than the priority of unicast reception. Even though HARQ-ACK has been not supported in LTE MBMS, we think that if both multicast HARQ-ACK feedback and unicast HARQ-ACK feedback have the high L1 priority, we could prioritize the unicast HARQ-ACK feedback considering that multicast traffic can be transmitted by PTP bearer (which seems seen as unicast bearer in PHY) as well as PTM bearer by gNB. In other words, if a multicast packet is really important in terms of priority, gNB could transmit the packet over a unicast bearer which would lead to the high L1 priority of unicast HARQ-ACK feedback in the end.
Meanwhile, if both multicast HARQ-ACK feedback and unicast HARQ-ACK feedback have the low L1 priority, it seems hard to compare between them. We think that the low L1 priority of MBS HARQ-ACK feedback and the low L1 priority of unicast HARQ-ACK feedback could have an equal priority. Finally, it seems natural to say that any high L1 priority of HARQ-ACK feedback has a higher priority of any low L1 priority of HARQ-ACK feedback, regardless of multicast and unicast. If this is not the case, we would not need the high L1 priority of HARQ-ACK feedback for multicast. 
Proposal 12: The following rules of prioritization between MBS HARQ-ACK and unicast HARQ-ACK are applied: 
· The high L1 priority of MBS HARQ-ACK feedback has a lower priority than the high L1 priority of unicast HARQ-ACK feedback.
· Any high L1 priority of HARQ-ACK feedback has a higher priority of any low L1 priority of HARQ-ACK feedback, regardless of multicast and unicast.
· The low L1 priority of MBS HARQ-ACK feedback and the low L1 priority of unicast HARQ-ACK feedback have an equal priority.

RAN1 agreed that for ACK/NACK based feedback, for Type-2 HARQ-ACK feedback construction for PTM scheme 1, concatenation of Type-2 HARQ-ACK codebook for unicast and multicast is supported. Meanwhile, it is FFS on details of Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast. We think that the agreement on Type-2 HARQ-ACK codebook could be also applied to Type-1 HARQ-ACK codebook for FDMed multicast and unicast. Considering that SLIV pruning may not work with FDM case for Type-1 HARQ-ACK codebook, we propose that for FDMed multicast and unicast, separate HARQ-ACK sub-codebooks for multicast and unicast are individually constructed and concatenated for Type-1 HARQ-ACK codebook.
Proposal 13: For FDMed multicast and unicast, separate HARQ-ACK sub-codebooks for multicast and unicast are individually constructed and concatenated for Type-1 HARQ-ACK codebook.

For multicast, gNB may transmit group common PDCCH/PDSCH for several MBS services at a cell, while an individual UE will receive only a few of the MBS services from the cell based on UE’s interest in the MBS services. Considering that such situation seems normal for multicast, UE would not need to send HARQ-ACK feedback to all ongoing multicast transmissions within a CFR. Assuming that gNB would know which ‘multicast’ service(s) UE is receiving and would likely send HARQ-ACK for, UE could be improved to consider UE’s interest in MBS services in construction of HARQ-ACK codebook. RAN1 could further discuss whether/how to consider UE’s interest for the HARQ-ACK codebook for multicast.
Proposal 14: UE may not need to send HARQ-ACK feedback to all multicast transmissions within a CFR because UE is typically interested in only a few services. Further discuss whether/how to consider UE’s interest in multicast services for construction of HARQ-ACK codebook.

RAN1 previously agreed that for slot-level repetition for group-common PDSCH for RRC_CONNECTED UEs receiving multicast, UE can be optionally configured with pdsch-AggregationFactor, or UE can be optionally configured with TDRA table with repetitionNumber as part of the TDRA table. Meanwhile, RAN1 also agreed to support SPS group-common PDSCH for MBS for RRC_CONNECTED UEs. Thus, RAN1 can further clarify whether slot-level repetition can be also applied to group common SPS configuration. Considering that multiple UEs would receive group common SPS transmissions, it seems beneficial to provide those UEs in a group with multiple opportunities that the UEs can receive. In our view, both options agreed for group common PDSCH repetition can be also supported for group common SPS.
Proposal 15: For a group common SPS configuration, UE can be optionally configured with either pdsch-AggregationFactor or TDRA table with repetitionNumber as part of the TDRA table. 

For group common SPS, it is unclear how group common PDSCH transmission can address different TCI states for different UEs in a same group, because group common SPS is not UE specific and different UEs may need to be configured with different TCI states. If repetition of group common SPS, we could associate different repetition of a same TB with different TCI states to allow different UEs to properly receive group common SPS. Or, gNB may provide separate SPS configurations to different UEs based on different TCI states even for the same multicast group of UEs. We propose to further discuss how to support different TCI states for group common SPS.
Proposal 16: Discuss whether different TCI states can be configured for group common SPS received by different UE, e.g. different slots of group common SPS PDSCH repetitions or different SPS configurations can be associated to different TCI states for the same group of UEs. 

RAN1 agreed that for RRC_CONNECTED UEs, HARQ-ACK feedback is supported for SPS group-common PDSCH for MBS. Since RAN1 already agreed to support ACK/NACK based HARQ-ACK for multicast, it seems likely to support at least ACK/NACK based HARQ-ACK for group common SPS. As we know, NACK-only based HARQ=ACK is still FFS for multicast. In our view, NACK-only based HARQ-ACK would give additional benefit to group common SPS because PUCCH transmissions from multiple UEs in the same group are performed at the same time. Thus, if SPS periodicity is short, HARQ-ACK from multiple UEs could be easily packed in a short periodicity with NACK only based HARQ-ACK. Thus, we propose to support both group common NACK only based HARQ-ACK and UE specific ACK/NACK based HARQ-ACK for group common SPS.
Proposal 17: For group common SPS, both group common NACK only based HARQ-ACK and UE specific ACK/NACK based HARQ-ACK are supported.

Since multiple UEs receive group common SPS, it seems essential for gNB to ensure whether a particular UE in the group is receiving group common SPS activation/(re-)transmission/release. We think that HARQ-ACK for group common SPS will be helpful for gNB to ensure that all UEs in the group are following group common SPS. Especially we propose that all UEs in the group send a confirmation to DCI indicating SPS release by using a HARQ-ACK on PUCCH. 
Proposal 18: For group common SPS, at least UE specific confirmation to group common SPS release can be supported by PUCCH A/N.

In addition, reliability of a DCI indicating activation or release seems important for group common SPS. For example, if some of UEs in a same group misses an activation DCI, it seems not easy for the UEs to follow ongoing group common SPS transmissions. Thus, we propose to support repetition of a same DCI on multiple CORESETs with same or different TCI states for group common SPS.
Proposal 19: For group common SPS activation/deactivation to multiple UEs in a group, (de)activation DCI can be repeated on multiple CORESETs with same TCI state or different TCI states.

3.	Conclusion
In conclusion, we propose to discuss the following proposals for mechanisms to improve reliability of multicast services.
Proposal 1: NACK only based HARQ-ACK is supported at least for PTM scheme 1.
Proposal 2: NACK only based HARQ-ACK is transmitted on group common PUCCH resource.
Proposal 3: Different group common PUCCH resources can be related to different RS e.g. in terms of PRB and/or sequence for PUCCH.
Proposal 4: Support PUCCH format 0 and 1 for NACK based HARQ feedback.
Proposal 5: Support both Option 2 and/or 3 for enabling/disabling HARQ-ACK feedback. Which option is used is up to gNB configuration.
Proposal 6: UE specific PUCCH resources are configured on UE’s active BWP.
Proposal 7: Group common PUCCH resources are configured on UL CFR configured within UE’s active UL BWP.
Proposal 8: For PTM scheme 1, group common DCI indicates a single PUCCH resource indicator and a single PDSCH-to-HARQ_feedback timing indicator at least for ACK/NACK based HARQ-ACK. 
Proposal 9: For UE specific PUCCH resource allocation for ACK/NACK based HARQ-ACK to group common DCI, different UEs in the group can be configured with different values of at least PUCCH-Resource and dl-DataToUL-ACK in UE dedicated PUCCH-config for multicast or for unicast (unless PUCCH-config for multicast is configured). So, different UEs can be allocated with different PUCCH resources by the same PUCCH resource indicator and the same PDSCH-to-HARQ_feedback timing indicator of the group common DCI.
Proposal 10: For PTP retransmission, the PUCCH resource indicator and the PDSCH-to-HARQ_feedback timing indicator in UE specific DCI are interpreted based on PUCCH-config for unicast, regardless of whether PUCCH-config for multicast is configured or not.
[bookmark: _GoBack]Proposal 11: The high or low L1 priority of HARQ-ACK feedback is indicated by group common DCI for PTM scheme 1 or UE specific DCI for PTP retransmission.
Proposal 12: The following rules of prioritization between MBS HARQ-ACK and unicast HARQ-ACK are applied: 
· The high L1 priority of MBS HARQ-ACK feedback has a lower priority than the high L1 priority of unicast HARQ-ACK feedback.
· Any high L1 priority of HARQ-ACK feedback has a higher priority of any low L1 priority of HARQ-ACK feedback, regardless of multicast and unicast.
· The low L1 priority of MBS HARQ-ACK feedback and the low L1 priority of unicast HARQ-ACK feedback have an equal priority.
Proposal 13: For FDMed multicast and unicast, separate HARQ-ACK sub-codebooks for multicast and unicast are individually constructed and concatenated for Type-1 HARQ-ACK codebook.
Proposal 14: UE may not need to send HARQ-ACK feedback to all multicast transmissions within a CFR because UE is typically interested in only a few services. Further discuss whether/how to consider UE’s interest in multicast services for construction of HARQ-ACK codebook.
Proposal 15: For a group common SPS configuration, UE can be optionally configured with either pdsch-AggregationFactor or TDRA table with repetitionNumber as part of the TDRA table. 
Proposal 16: Discuss whether different TCI states can be configured for group common SPS received by different UE, e.g. different slots of group common SPS PDSCH repetitions or different SPS configurations can be associated to different TCI states for the same group of UEs. 
Proposal 17: For group common SPS, both group common NACK only based HARQ-ACK and UE specific ACK/NACK based HARQ-ACK are supported.
Proposal 18: For group common SPS, at least UE specific confirmation to group common SPS release can be supported by PUCCH A/N.
Proposal 19: For group common SPS activation/deactivation to multiple UEs in a group, (de)activation DCI can be repeated on multiple CORESETs with same TCI state or different TCI states.
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